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(Lycaenidae): An Ecological Study 
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Abstract 

A 10- year study of the Avalon Hairstreak Strymon 
avalona ) is presented, including adult behavior, 
larval hostplant ecology, phenology, and preda- 
tors and parasites. Despite the restricted dis- 
tribution of S. avalona and its occasional sym- 
patry with Strymon melinus on Santa Catalina 
Island, this study revealed few threats to ei- 
ther its biological integrity or habitat. Ecolog- 
ical data from other California Channel Islands 
and several mainland California localities is also 
included, as are some thoughts on the Avalon 
Hairstreak’s possible evolutionary origin. 

Introduction 

The Avalon Hairstreak, Strymon avalona (Wright) 
(Figs. 1-3), has one of the most restricted geographic 
ranges of any North American butterfly (Emmel and 
Emmel, 1973). First recognized as a new species late 
in the 19th Century, the butterfly was described as Cal- 
ifornia’s first insular endemic by Wright in 1905. Un- 
til recently (see Gall, 1985), few comprehensive ecolog- 
ical or behavioral studies had been aimed at explaining 
(1) its limited distribution, (2) its relationship with the 
Common Hairstreak, Strymon melinus Hubner, or (3) its 
possible evolutionary origin. In this paper, I present a 
detailed account of the Avalon Hairstreak’s ecology and 
behavior in a conservational light. 


Historical Background 

Whereas the scientific literature is replete with 
works on Santa Catalina Island’s unique plants, rela- 
tively little has been written on the insects. Miller 
and Menke (1981) list over 400 references to the gen- 
eral insect life of the California Islands, including Santa 
Catalina Island, but only Thorne (1970) and Gall (1985) 
have written specifically on the Avalon Hairstreak since 
the 1930s. Coolidge (1923) described the egg of S. aval- 
ona, and oviposition by females on Syrmatium (now 
called Lotus , and Comstock and Dammers (1933) fol- 
lowed with a thorough treatment of the entire life history. 
Meadows (1937) produced an annotated list of the Lep- 
idoptera of Santa Catalina Island including the Avalon 
Hairstreak and a brief paragraph regarding its occur- 
rence near Avalon. 

Later, Cockerell (1939), Thorne (1970), Reming- 
ton (1971), Orsak (1975), and Gall (1977, 1979) pub- 
lished accounts of collecting trips to the island, which 
listed Strymon avalona. Miller (1984) also discusses 
the Avalon Hairstreak within his survey of the butter- 
flies of the California Channel Islands. Most recently. 
Gall (1985) published a primarily morphometric study 
addressing the biological implications of the Common 
Hairstreak’s appearance on Santa Catalina Island, a 
topic overlapping my own studies on the closely related 
S. avalona. 

Island Geography, Climate and Phenology 

Santa Catalina Island, a continental island, is 34 km 
long and 13 km wide at its widest point (Long Point). A 
part of Los Angeles County. Santa Catalina Island is sit- 
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Figures 1-3. The Avalon Hairstreak, Strymon avalona 
(Wright). Male dorsal surface (Fig. 1), female dorsal 
surface (Fig. 2), and male ventral surface (Fig. 3). All 
specimens taken at Catalina Harbor, Santa Catalina Is- 
land, May 1974. 


Figure 4. The California Channel Islands. 
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Figure 5. Climatological data for 1974-1982, taken at 
the Avalon Pleasure Pier, Santa Catalina Island (inches 
and degrees fahrenheit in parentheses). 


uated in the Pacific Ocean at about 33 degrees N and 118 
degrees W, approximately 32 km south from Pt. Vicente 
on the Palos Verdes Peninsula (Fig. 4). It is composed 
of metamorphic rock partly covered by lava flows (Van 
Balgooy, 1969). The exploration and historical changes 
affecting the topography and vegetation of the island are 
discussed in great detail by Gregg (1934), Thorne (1967), 
and Minnich (1980). Avalon, the principal city with a 
resident population of some 1530, is located on the south- 
east end of the island. In 1975, the Santa Catalina Island 
Conservancy, a non-profit foundation, acquired title to 
approximately 42,135 acres, roughly 86% of the island’s 
197 square kilometers. 

Santa Catalina Island has the warmest tempera- 
tures of all eight Channel Islands, with an average annual 
temperature of 16 degrees C (Van Balgooy, 1969). Be- 
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Figure 6. Map of Santa Catalina Island, showing primary Strymon avalona study sites for this research, localities of 
recent captures of Strymon melinus and probable hybrids between the two taxa (see text, and Gall [1985] for discussion 
of interspecific interactions). 


tween 1974 and 1982, I recorded average temperatures 
of 17-18 degrees C. Daily weather data are accumulated 
at the Avalon Pleasure Pier at the southeast end of 
the island, 7.6 m elevation, and entered monthly into 
the Annual Climatological Data Summary published by 
the National Oceanic and Atmospheric Administration 
(NOAA). The climatic data compiled between 1974 and 
1982 utilized the readings from this station. In 1978, 
an additional weather station at Two Harbors was mon- 
itored by students under the direction of the Catalina 
Island Museum in Avalon. The data for both stations 
suggest a fairly uniform temperature range for both the 
northeast and southeast ends of the island. 

Dunkle (1950) described Santa Catalina Island as 
an arid maritime zone with 15-34 cm of annual rainfall, 
the drying effect of the easterly Santa Ana winds from 


the mainland seem to contribute to an ecological “dry 
date” that precedes that of the mainland by at least 
four weeks. Defined as the date on which evapotranspi- 
ration from soil and plant life equals or exceeds the total 
precipitation to that date, Weissman and Rentz (1977) 
indicated that this occurs typically during the first week 
of May on Santa Catalina Island. 

Strong westerly winds from the Pacific Ocean tend 
to influence the distribution and abundance of the plants 
chosen by Avalon Hairstreak females. The large breed- 
ing colonies were only encountered in relatively sheltered 
canyons and along the south- facing slopes or the lee- 
ward or eastern e^osure of the island Other localities 
were apparently too windy. Suitably exposed habitats 
for the Avalon Hairstreak were found in sections of both 
Descanso and Gallagher’s Canyons, yet no large breeding 
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Figures 7-12. Four primary study sites for this research. Site 1 (Fig. 7): south facing slopes above Catalina Harbor. 
Site 2 (Fig. 8): ridge above Fourth of July Cove, 3km NW of isthmus. Site 3 (Figs. 9-10): Renton Mine road. 1.5 km 
SE of Avalon. Site 4 (Figs. 11-12): Cactus 2 Mountain, 0.5 km SE of Avalon. See text for elaboration. 
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colonies were found. The absence of Lotus and abundant 
Eriogonum in these canyons may well have been caused 
by crowding and allelochemic interaction with dominant 
black sage, Salvia mellifera Greene growth (Muller and 
Muller, 1964; Muller, 1965). 

In 1976, peak adult numbers were observed in all 
four study sites in March, whereas in most other years 
during the study, peak counts were made in May. Gall 
(1977) reported sightings of more than 1000 individuals 
on the southeast end of the island near Avalon between 
March 24-26, 1976, and I saw similar numbers on the 
west end of Santa Catalina Island in May of that year. 
No similar population explosions have been seen since 
1976, despite normal hostplant availability and a lack of 
any major temperature fluctuations in any given season. 

Description of Study Sites 

Data pertaining to the biology and ecology of the 
Avalon Hairstreak were gathered from 1974 and 1983 at 
four study sites on the island (Fig. 6). Two study sites 
of approximately 4,180 sq m each were established in 
1974 near Two Harbors: (1) a south-facing slope south of 
the Isthmus above Catalina Harbor at 15-30 m elevation 
(Study Site 1); and (2) a ridge with a firebreak above 
4th of July Cove, approximately three km northwest of 
the Isthmus, at 122-152 m elevation (Study Site 2) (Figs. 
7-12). 

During a three-day visit to the Two Harbors area in 
May 1974 and May 1975, I made observations of adult 
courtship, mating, oviposition, and larval abundance. 
Three- to five-day visits were made to the study sites 
in July and September 1977, as well as in March, May, 
July, and August 1978. These later visits focused pri- 
marily on adult territoriality. Between 1979 and 1984, 
two-day visits were made each March and April that 
concentrated on hostplant ecology and searches for Stry- 
mon melinus. Both stud y sites have reddish soil, and 
the well-weathered colluvial sloopes consist of quartz, 
dioritic bedrock (fine grain) and a powdery clay soil rich 
with iron and other minerals. 

In 1978, two additional study sites were established 
near Avalon. Study Site 3 included the Renton Mine 
Road between 0.8- 1.6 km SE of Avalon at an elevation 
of 112-115 m. Study Site 4 included a steep ridge marked 
by telephone lines along a firebreak leading to the sum- 
mit of Cactus 2 Mountain. The summit overlooks the 
Wrigley Mansion and the city of Avalon, at an elevation 
of approximately 275 m (Figs. 7-12). 

The vegetation typical of the slopes in all four study 
sites is Coastal Sage Scrub (Thorne, 1967) and includes 
as dominant shrubs and herbs: Rhus integrifolia (Nutt.) 
Benth. and Hook. ex. Rothr., Adenostoma fascicu- 
latum H. and A., Lotus argophyllus (Greene) ssp. or- 
nithopus Ottley, Artemisia californica Less., Eriogonum 
giganteum S. Wats. ssp. giganteum , and Opuntia sp. 

Adult Behavior 

The Avalon Hairstreak frequents the ridgetops, fire- 
breaks, and the dry, rocky, south-facing slopes which are 
widely distributed on the island. Adults flew from mid- 
February to early October (Fig. 13), although Meadows 
(1937) noted their presence on the island every month of 
the year. At least six overlapping broods may occur in 
one year, since S. avalona averages 34 days to complete 
its life cycle at room temperature between March and 
June (lab rearings on Lotus and Eriogonum). 


While most mornings were foggy with westerly 
breezes during midday, sunny conditions with tempera- 
tures between 21 and 24 C typically prevailed. Flight ac- 
tivities at Study Site 1 were observed shortly after 0915 
PDT some mornings, lasting until around 1800 PDT. 
Ridges and upper slopes, characterized by both Rhus in- 
tegrifolia and Opuntia sp., were favorite haunts for males, 
with each Rhus stand having one or two outward-facing 
males perched on the leaves of the lowest branches. In 
the mornings, both males and females frequented the 
flowers of Hemizonia Clementina Brandeg., a yellow com- 
posite, and those of the principal larval hostplant, sil- 
very clover ( Lotus argophyllus ssp. ornithopus ). Adult 
nectar sources were nearly the same in each of the four 
study sites, but these sources changed seasonally with 
the availability of flowers (Fig. 14). Numerous oviposi- 
tions were observed in Study Site 1 between 1100 and 
1300 PDT; the females preferred unopened flower buds 
or young terminal leaves as substrates. For the most 
part, only one or two eggs were laid on any given Lotus 
stem; occasional eggs were found on lower leaves. 

Courtship and mating took place in the afternoons. 
Male Avalon Hairstreaks aggressively pursued females 
downslope, with courtship and mating occurring either 
on Artemisia or Lotus. Eleven matings on Artemisia and 
Lotus stands were observed between 1500-1700 PDT, al- 
though examination of the abundant Rhus integrifolia 
growing along the same ridges and upper slopes revealed 
no mating pairs. Pairs remained in copulo for 30-60 min- 
utes, with both sexes remaining on the plant after sepa- 
rating. Since no further flights were observed after 1800 
PDT, it seems likely that adults pass the night at the 
base of the woody Artemisia or Lotus plants at Site 1. 

In 1977, marking studies and detailed observations 
were made to study male territoriality. Three females 
and eleven males collected on Eriogonum giganteum were 
marked in Study Site 2 with a single blue dot of oil-based 
paint on the hindwing underside on July 2, 1977. None 
of these was recaptured the following day among cap- 
tures of 21 males and 11 females. Ten other males were 
captured on July 2, marked with a red dot as above, 
and then released on Rhus shrubs overlooking 4th of 
July Cove; 18 of 23 shrubs were occupied by a single 
male Avalon Hairstreak. A return to the site on July 
3 yielded no marked specimens, yet other males occu- 
pied the row of Rhus shrubs, mostly one per plant. On 
occasion, a second male perched facing outward on the 
opposite side of the same stands, out of the visual range 
of the first. Numerous territorial displays as described in 
other hairstreak species (Shields, 1967; Gorelick, 1971) 
between competing males were seen in Study Site 2 dur- 
ing the afternoon hours. 

On September 2, another seven fresh and one worn 
male were marked and released. The following day, only 
one fresh specimen was recaptured approximately 30 m 
uphill. A total of 13 additional S. avalona were captured 
and 15 others sighted between 3-4 September in Study 
Site 2. 

Whereas territoriality displays were evident in all 
four study sites, the marking studies suggest that occu- 
pation of these shrub territories lasts no more than four 
to six hours, and/or that mark intensity was simply not 
high enough in the studied populations. Sex ratio counts 
heavily favored males when sampling was done through- 
out any given year on ridge summits, approaching 10:1 
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per sample of 20 specimens. When a random sample of 
20 specimens was taken along the roadside near nectar 
sources or hostplant concentrations, the ratio dropped 
to 2:1. 

Immature Stages 

Field work begun in 1978 was expanded to include 
mass rearing of eggs and larvae. In Study Sites 1 and 3, 
many eggs and differing instar larvae of Strymon avalona 
were taken on Lotus argophyllus ssp. ornithopus (Fig. 
15). This plant is characterized by stems with many in- 
florescences along the entire length; larval samples were 
collected, an average of 3 larvae per plant. 

Many of these larvae were transferred to differ- 
ent. selected laboratory hosts to assess foodplant pref- 
erences and suitability. Successful laboratory rearings 
from young larvae to adults were obtained using young 
leaves, flower buds, and flowers of Wisteria sp., Hibiscus 
sp.. Malva parviflora L., Eriogonum fasciculatum Benth., 
and a common introduced ground cover, Polygonum cap- 
itatum. Feeding damage was evident on the leaves in the 
form of skeletonization. In captivity, Avalon Hairstreak 
larvae, like those of the Common Hairstreak, were found 
to be cannibalistic; when three or more were confined 
together in large mason jars with screen lids, only one 
would remain after several days. 

On March 2, 1978, two mature S. avalona larvae 
were found in Study Site 3 on deerweed, Lotus scoparius 
(Nutt, in T. and G.) Ottley ssp. dendroideus (Greene) 
Ottley growing in proximity to the shorter but more 
abundant stands of Lotus argophyllus (Fig. 16). As the 
spring progressed, larger numbers of Avalon Hairstreak 
eggs and larvae were found almost exclusively on the 
maturing Lotus argophyllus buds. In that no further S. 
avalona larval discoveries were made on Lotus scoparius 
after March, it is undoubtedly only a secondary host. 

Also abundant in Study Sites 3 and 4 were stands 
of Eriogonum giganteum ssp. giganteum which, like the 
two Lotus species, is endemic to the California Chan- 
nel Islands (Dunkle, 1950; Thome, 1967). This plant is 
also well distributed along the Renton Mine Road and 
in Avalon. Hamilton, Gallagher’s, and Middle Ranch 
Canyons (Fig. 17). Adults commonly took shelter in the 
broad, pilose leaves on windy days. In June, when the 
inflorescences first appear on stands of Eriogonum gigan- 
teum, S. avalona females switch from the now-desiccated 
Lotus argophyllus buds and flowers to Eriogonum both 
for nectaring and oviposition. Single eggs were found 
on the calyx of both opened and unopened flowers. A 
fourth hostplant, Eriogonum grande ssp. grande Greene, 
was discovered in July 1978 at Little Fisherman’s Cove 
near the Isthmus. Here, eggs were also found on the 
floral calyx, one per flower. Like the other hosts, this 
plant colonizes dry, rocky south-facing slopes and can 
be seen scattered about at Pebbly Beach, the mouths 
of Hamilton and Gallagher’s Canyons, White’s Landing, 
Parson's Landing, and along the rocky roadside embank- 
ments above Two Harbors (Fig. 18). 

Larval samples taken from Eriogonum during the 
summer were much lower in numbers than those taken 
from Lotus during the spring. Only 0-2 larvae were taken 
on each of the roadside Eriogonum giganteum shrubs be- 
tween the Isthmus and 4th of July Cove. 
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Figure 13. Life history of Strymon avalona. 
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Figures 15-18. Larval foodplants of Strymon avalona. Primary host. Silvery Clover, Lotus argophyllus ssp. ornithopus 
at Study Site 1 (Fig. 15); larva feeding on Lotus scoparius ssp. dendroideus in lab (Fig. 16); Eriogonum giganteum ssp. 
giganteum at Study Site 3 (Fig. 17); Eriogonum grande ssp. grande near Study Site 2 (Fig. 18). See text for elaboration. 
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Figure 19. Parasitoid records for Strymon avalona, and 
Strymon melinus (on Santa Cruz Island). 


Predators and Parasites 

During the study, predation and parasitism of 
Avalon Hairstreaks were encountered. In Study Site 1, 
three specimens collected between 1976 and 1978 had 
forewing chips suggestive of attack(s) by birds. In May of 
1980 and 1983, several species of hunting spiders (one a 
jumping spider, Family Salticidae) captured larvae that 
were feeding on leaves or flowers of Lotus argophyllus 
at Catalina Harbor. Also noteworthy were the abun- 
dant webs spun between adjacent Opuntia stems by orb- 
weaving spiders (Family Araneidae), yet they seemed 
to capture primarily grasshoppers; one worn Avalon 
Hairstreak adult was taken from such a web in Study 
Site 1 in May 1983. 

In many instances, samples of Strymon avalona lar- 
vae collected on Catalina Island were found to be par- 
asitized by wasps. Many of the emergent parasitoid 
species were identical to those reared from the Com- 
mon Hairstreak larvae collected on Santa Cruz Island 
(Fig. 19). On Santa Catalina Island during the sum- 
mer months, when Eriogonum giganteum and E. grande 
are chosen as hostplants, many larvae taken from the 
latter were heavily parasitized. In 1978, 9 of 12 lar- 
vae (75%) collected in Study Site 3 on terminal inflo- 
rescences succumbed. Few parasites were shed by larvae 


taken from all four study sites during the spring months, 
yet many were obtained between June and August from 
larvae among stands of Eriogonum giganteum growing 
along the road in the vicinity of Study Sites 2 and 3. 
This may explain why comparatively large numbers of 
Strymon avalona have been reported during the spring 
by collectors, whereas later broods are characterized by 
relatively small numbers. Parasitism may also better 
explain abundance patterns on a year to year basis. 

Larval Interactions 

Ecologically, the Avalon Hairstreak occupies a niche 
rather similar to that of the Common Hairstreak. Both 
are multivoltine, polyphagous species that exhibit com- 
patable behavior patterns, especially territoriality and 
mating, as documented for S. melinus by Shields (1967) 
and Scott (1975a). My own host utilization studies on 
seven of the eight Channel Islands (Fig. 20) revealed 
that both species do choose many of the same hosts, al- 
though throughout its much wider range, S. melinus is 
known to accept many more plant species; at least 46 
genera of plants in 21 families are mentioned by Scott 
(1975a). A more detailed study of immature taxonomy 
and foodplant use of these two species will be presented 
elsewhere. 

Large numbers of multi-brooded Plebejus acmon 
(Westwood and Hewitson), the Acmon Blue, were also 
seen in association with Lotus argophyllus between June 
and August during the study. P. acmon also utilizes Eri- 
ogonum species as hosts, although no larvae were taken 
on Eriogonum on any of the Channel Islands during the 
study (Gorelick, 1969). Field work at San Nicolas Island 
in June 1978 revealed eggs and larvae of both P. acmon 
and S. melinus in abundance on the buds and flowers of 
Lotus argophyllus ssp. ornithopus at both Tender Beach 
and the vicinity of Dutch Harbor on the south side of 
the island. The same species were taken as larvae on 
Lotus argophyllus ssp. niveus one month later near the 
University of California field station on Santa Cruz Is- 
land. Subsequent searches of Lotus argophyllus decorus 
stands at several localities in the San Gabriel Mountains 
of Los Angeles County ( Barrett-Stoddard Canyon, on 
the Baldy Road below Mt. Baldy, 450-600 m; Crystal 
Lake, above Azusa on Hwy. 39, 1500-1600 m) revealed 
eggs, larvae, and adults of both species but in smaller 
numbers than those found on San Nicolas and Santa 
Cruz Islands. 

On Santa Catalina Island, near Pebbly Beach, lar- 
vae of S. avalona, Celastrina ladon (Cramer), and Lep- 
totes marina (Reakirt) were taken on Lotus scoparius 
dendroideus , another insular endemic, and reared to the 
adult stage. While these taxa are polyphagous and mul- 
tivoltine, none wa s encountered in large numbers, as 
none seems to select this plant as the principal host on 
the island. Plebejus acmon, not recorded by Meadows 
for Santa Catalina Island, now occurs sparingly along 
the road near Airport-in-the-Sky and near the sewage 
treatment facility at Pebbly Beach. At both sites, it 
oviposits on Lotus purshianus, not a larval hostplant of 
the Avalon Hairstreak. Repeated collecting and rear- 
ing of young stages each year from all four study sites 
between March and June has failed to turn up the Com- 
mon Hairstreak. Searches for eggs and larvae in the buds 
and flowers of introduced Hibiscus varieties, Lavatera as- 
surgentifolia Kell., and weedy Malva parviflora L. grow- 
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ing in Avalon (all documented malvaceous S. melinus 
hosts), failed equally in revealing its presence. In addi- 
tion. periodic inspections of incoming nursery stock in 
Avalon revealed no larval damage. It therefore appears 
that Strymon melinus has not yet become permanently 
established on Santa Catalina Island. 

As expected, the comparative studies done on the 
other Channel Islands and additional collecting trips on 
the mainland in Los Angeles, Orange, and San Diego 
Counties failed to turn up the Avalon Hairstreak. S. 
melinus was found frequently in these areas. 

Evolutionary Considerations 

Santa Catalina Island, continental in origin, was 
largely submerged during the Pleistocene (Van Balgooy, 
1969). Vedder and Howell (1980), however, point out the 
existence of some exposed sediments with marine fossil 
assemblages as early as the late Miocene. The exact 
timing of Quaternary uplift on Santa Catalina Island is 
unknown and may be impossible to determine. No ev- 
idence as yet exists to suggest that Santa Catalina was 
connected to any other island or to the mainland (Row- 
land, 1984). 

Remington (1971) and Pyle (1976) considered the 
Avalon Hairstreak to be a relictual species that was pos- 
sibly resident on the mainland, perhaps having since 
been displaced competitively by S. melinus (see Fig. 21). 
The Avalon Hairstreak may be Recent in origin, having 
evolved in a warm climate that continues today to be 
characteristic of Santa Catalina Island. Climate, expo- 
sure, and a relatively early ecological dry date contribute 
to rapid, successive, overlapping broods that remain iso- 
lated in an insular environment. These conditions also 
undoubtedly influenced the endemism and speciation of. 
a few species of grasshoppers (Order Orthoptera) on the 
southern group of Channel Islands discussed by Weiss- 
man and Rentz (1976). The endemism of the Avalon 
Hairstreak on Santa Catalina Island, however, may be 
autochthonous, that is, a result of small, successive ge- 
netic changes that have occurred in isolation on the is- 
land. A few ancestral Strymon may have arrived on the 
island by over-water dispersal, postulated to exist widely 
in the genus Strymon (Ehrlich and Ehrlich, 1961). 

From approximately five fresh, live male Avalon 
Hairstreak specimens mailed to Thomas Emmel in May 
and June, 1979, one successful chromosome squash re- 
vealed a haploid number of 22 chromosomes in numerous 
cells of the male testes. Using the squash technique (Em- 
mel. 1968), this total contrasted sharply with the haploid 
count of 24 found in Strymon melinus , a total discovered 
by Maeki and Remington (1960) using numerous cells in 
the testes of three males. 

Remington (1971) and Gall (1985) have previously 
discussed the evolutionary implications of sympatry be- 
tween these two hairstreaks. With the new chromosomal 
information, assuming that these two species have differ- 
ing chromosome numbers, it now appears unlikely that 
successful genetic interchanges are likely to occur. In- 
terspecific matings, if they occur at all, would produce 
offspring with little or no ability to backcross. Mating 
frequency and mate selection are therefore the important 
limiting factors that govern biological success of either 
species on the island. 
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Figure 21. Left: ventral surface of male Avalon 
Hairstreak, Strymon avalona (taken above Cherry Cove, 
27 May 1979, Santa Catalina Island). Right: ventral sur- 
face of female Gray Hairstreak, Strymon melinus (taken 
above Chinese Harbor, 27 June 1978, Santa Cruz Island). 


The few Common Hairstreaks captured on the is- 
land between 1978 and 1982 may be the result of over- 
water dispersal by Santa Ana winds or accidental intro- 
ductions by daily passenger boat and aircraft services. 
Alternately, S. meliwus, being highly polyphagous, may 
actually exist in very low numbers on the island since it is 
unlikely to be completely displaced by S. avalona. The 
larvae of the former may use introduced, sparsely dis- 
tributed hostplants in marginal habitats. Whether com- 
petitive displacement actually occurs cannnot be stated 
on the basis of available evidence, however. 

Conclusions 

The Avalon Hairstreak appears secure on Santa 
Catalina Island. The continual well-being of S. aval- 
ona is dependent upon survival and spread of the native 
hostplants discussed earlier. Events such as foraging by 
feral goats (Coblentz, 1977) and road and firebreak con- 
struction have aided in the increasing establishment of 
new stands of Lotus and Eriogonum on the island. Nu- 
merous fires, coupled with rainfall/erosion cycles, also 
seem to have assisted rather than hindered the spread 
of these hostplants. Miller (1979) mentions past uses of 
fire to allow some native hosts to re-establish themselves 
in larger numbers. Cox and Cox (1977), in their study 
on successional islands, and Hanes’ (1971) discussion on 
the effect of fire on Eriogonum seed germination both 
document the colonizing ability of Lotus and Eriogonum 
in disturbed areas. 

Owing to the island’s relative inaccessibility, Com- 
stock (1927) referred to the Avalon Hairstreak as “rare”. 
Increasing tourism and daily passenger service have 
markedly increased the island’s accessibility. Human ac- 
tivities, however, seem to have indirectly aided in the 
Avalon Hairstreak’s population growth and spread on 
the island. At present, continuing urban development 
and construction projects on the island do not appear to 
be threatening the well-being of this species. 
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Abstract 


The activities and papers delivered at the Sec- 
ond International Conference on the Monarch 
Butterfly (MONCON) are discussed. Although 
much work remains to be done, both in Cali- 
fornia and Mexico, substantial progress is being 
made in North America toward conserving the 
monarch butterfly and its overwintering sites. 


MONCON II, the first symposium ever to focus 
solely upon ecological, biological, and evolutionary as- 
pects of the monarch butterfly (Danaus plexippus L.), 
took place in Los Angeles in early September, 1986. The 
Los Angeles County Museum was a gracious host to the 
more than fifty researchers and conservationists who at- 
tended the meetings. Participants from Mexico, Costa 
Rica, Peru, Australia, the United Kingdom, West Ger- 


many and the United States shared their knowledge and 
enthusiasm about the monarch through four days of pre- 
sentations, discussions, and informal brain-storming ses- 
sions. 

The meeting was a sequel to the first conference 
on monarch conservation, held at the joint meeting of 
the Lepidopterists’ Society and La Sociedad Mexicana de 
Lepidopterologia in Cocoyoc, Morelos, Mexico in 1981. 
The presentation of an honorary chairperson’s gavel to 
Fred Urquhart (in absentia) opened the symposium. He 
was honored in recognition of his many years of pioneer- 
ing research on the migration of the monarch, culminat- 
ing in the 1976 discovery of the overwintering colonies in 
Mexico. 

The papers presented at MONCON II ranged from 
the conservation of overwintering colonies in Mexico and 
California to egg-laying strategies in Australia, and the 
global evolutionary history of the genus Danaus. The 
papers were grouped by field of study, each section mod- 
erated by a prominent scholar in that area. The authors 
and titles of the papers are listed on the conference pro- 
gram, reproduced at the end of this article. 
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Update on Conservation Efforts 

While the monarch is relatively abundant through- 
out most of its North American range, its well-known 
overwintering concentrations on the coast of California 
and in the mountains of central Mexico have been des- 
ignated as threatened phenomena by the IUCN. The 
butterflies return each year to the same localities and 
form dense aggregations on tree branches, where they 
spend about three winter months in reproductive inac- 
tivity. Because the monarchs’ critical habitats in both 
of the overwintering regions are naturally restricted by 
ecological factors, they are particularly susceptible to hu- 
man destruction. In both Mexico and California, human 
activity is taking such a toll that the overwintering phe- 
nomenon stands in imminent peril of destruction. This 
tragedy would undoubtedly have a catastrophic effect on 
the familiar summer populations of migrant monarchs 
throughout the North American continent. 


The Current Situation in Mexico 

President Miguel de la Madrid and the Mexican gov- 
ernment have recently taken a major step for the conser- 
vation of the overwintering colonies in Mexico. Heralded 
by praises in the New York Times and Science magazine 
(233: 1252-1253), a presidential decree protecting the 
monarchs was signed just three weeks after the conclu- 
sion of MONCON 2, on Sept. 30. As of October 9, 
the declaration was published in the Federal Register, 
establishing a 16,110 hectare ecological reserve for the 
monarchs in their montane forest habitat. The decree 
delineates five conservation areas, each consisting of a 
central core and an encircling buffer zone. Within a core 
zone, or zona nucleo, exploitation of the forest, its flora 
and fauna have been banned indefinitely. The only hu- 
man activity allowed will be research. The buffer areas, 
zonas de amortiguamiento, will eventually be open to 
some economic activities, but all use must first be au- 
thorized by SEDUE, the Urban Development and Ecol- 
ogy Secretariat. The core areas range in size from 245 
to 1060 hectares, while the buffer zones contain between 
989 and 6787 hectares. 

Other recent conservation moves include SEDUE’s 
purchase of 700 Ha of privately owned land through the 
Monarca Fund, and the expropriation of an additional 80 
Ha by the state government of Michoacan. All of these 
actions indicate a continued strengthening of Mexican 
conservation policy, and reflect both state and federal 
governments’ increasing commitment to ecological con- 
cerns. 

In the past, Mexico’s unique land tenure system has 
complicated the designation of national parks or pre- 
serves in the monarch overwintering region. Most of 
the critical habitat areas are held by ejidos, community- 
owned and organized farms established during land re- 
forms some fifty years ago. The rights to use ejido land 
are constitutionally guaranteed to members of ejido com- 
munity, but the land may not be sold, leased or given 
away. The PRI (Partido Institicional Revolutionario), 
Mexico’s leading political party, must weigh carefully the 
consequences of conservation laws that bear on the ejidi- 
tarios and other campesinos, in order to maintain crucial 
political support. 


Monarca A.C., Mexico's influential monarch conser- 
vation organization, is substantially responsible for the 
passage of the decree and other government activities re- 
lated to the monarchs. Its unfailing lobby efforts have 
been paramount in shaping Mexican policy towards the 
monarch butterfly in the last seven years. At the confer- 
ence. Rodolfo Ogarrio, Fernando Ortiz Monasterio and 
other members presented diverse aspects of the Monarca 
A. C.’s multi-level approach to monarch conservation 
in Mexico. They emphasized the need for local control 
and management of the overwintering areas, so that re- 
gional human welfare might improve while the natural 
ecosystem is maintained. The region's traditional econ- 
omy relies heavily on the exploitative use of the forest 
and its products, which directly conflicts with the man- 
dated preservation of the monarch overwintering areas. 
Monarca A.C. is exploring alternative sources of liveli- 
hood for the local people which do not conflict with or 
actually promote conservation objectives. The ultimate 
hope is to establish a long-term, mutually beneficial re- 
lationship between local inhabitants and the monarch 
butterflies. 

Monarca A.C. considers tourism to be central to 
the compatibility of conservation and the local popu- 
lation. A blossoming public interest in the monarchs 
brought more than 40,000 visitors to see the overwinter- 
ing colonies during the 1985-86 winter, and numbers are 
expected to climb in subsequent seasons. Susana Rojas 
suggested that a visitor center and craft shop selling lo- 
cally produced souvenirs could-benefit the local economy, 
while promoting non-consumptive use. 

Laura Snook, of Mexico’s Instituto Nacional de In- 
vestigaciones sobre Recursos Bioticos (INIREB), pre- 
sented a scenario for the monarchs' future in Mexico 
in sharp contrast with Monarca A. C.’s optimism. She 
reported that virtually all of the remaining ovamel fir 
forests have been subject to severe degradation from 
commercial timber harvest, local cutting for firewood, 
and fires and grazing which destroy forest regeneration. 
A large and rapidly growing population (some 20.000 
people now inhabit the immediate area of the butter- 
fly preserves) and low agricultural productivity accel- 
erate rates of forest clearing in the region, resulting in 
irreversible damage to the fragile montane ecosystem. 
Snook suggested that fundamental shifts in the current 
economic and subsistence practices will be necessary to 
alter the trends of forest degradation and destruction. 
She proposed intensified silvicultural and agricultural ac- 
tivities outside the preserve areas and population control 
through family planning and emigration as possible com- 
ponents of a successful long-term management scheme. 

Monarch Conservation in California 

Most of California's more than forty coastal over- 
wintering areas are seriously threatened by real estate 
and agricultural development interests. Chris Nagano 
and Melody Allen of the Monarch Project, the Xerces 
Society’s organ devoted to the conservation of monar- 
chs in California, reported on progress in several differ- 
ent aspects of the struggle to save these ecologically and 
economically valuable plots of land. 

The Monarch Project has recently completed a sur- 
vey of overwintering sites in California, documenting ar- 
eas from Mendocino County south to the Mexican bor- 
der. This intensive search led to the discovery of several 
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previously unknown coastal sites and confirmed the exis- 
tence of a remarkable inland colony on the western slope 
of the Saline Valley, near Death Valley. To plot the com- 
plete distribution of the sites was an important goal set 
forth at the first MONCON. and the survey’s completion 
helps to set conservation priorities over the entire range 
of monarch roosts on the West Coast. 

Despite the Monarch Project's efforts, the forces of 
attrition have taken their toll on many of the privately 
owned roosting areas in California. As many as seven 
monarch overwintering areas have been lost in the last 
three years to real estate development and other human 
activities. Although laws in many municipalities protect 
the monarchs during their winter dormancy, there is no 
blanket legislation regulating the destruction of monarch 
habitat during the summer months. It is against the law 
to kill one of the butterflies, but it is perfectly legal to 
cut down a tree in which thousands of them habitually 
roost. 

Given the modest resources of the Monarch Project, 
constant vigilance of all the sites along California’s 1,200 
mile coastline is impossible. The group has therefore 
concentrated its efforts on creating cooperative dialogues 
with landowners and developers in order to heighten 
awareness and increase the chances for future conser- 
vation agreements. 

One of the most innovative methods employed by 
the Monarch Project is the conservation easement, in 
which the landowner signs over the rights to those por- 
tions of the ecosystem which support the monarchs on 
his/her property. This places ownership of the monarch 
habitat with the Monarch Project, and gives them po- 
tential legal recourse if the habitat is degraded in any 
way. The judicial process for dispute resolution and ret- 
ribution of damages to monarch habitat destruction has 
yet to be seriously tested. Penalties for illegal devel- 
opment work may amount to little more than slaps on 
the wrist. Some concern was voiced at the conference 
that the proposed punishments for violations of conser- 
vation regulations might be too mild: a developer might 
be willing to pay a nominal fine for destroying monarch 
habitat if s/he could construct a few extra million-dollar 
condominiums on the site. 

While good will for the monarch butterfly abounds 
among the citizens of California, surprisingly high level 
of ignorance about their basic biology is common. Many 
people are unaware of overwintering colonies other than 
the commercially-publicized site at Pacific Grove. An- 
other of the Monarch Project’s goals is to increase the 
levels of public monarch- awareness through frequent me- 
dia exposure. 

The most heated controversy of MONCON 2 was 
initiated by Adrian Wenner of the University of Califor- 
nia at Santa Barbara, who hypothesized that the west- 
ern monarch does not actually migrate at all, based on 
his observations in the Santa Barbara area. Wenner did 
not support his hypothesis with any numerical data, but 
asserted that there was no quantitative proof to show 
that the monarchs actually do migrate. The claim was 
quickly refuted by Chris Nagano, who pointed out that 
tagged monarchs recovered at California overwintering 


sites have migrated from as far away as Idaho. Wenner’s 
observations nevertheless illustrate the need for further 
research into the complexities of monarch migration. 

That the press amplified Wenner’s observations and 
the ensuing uproar into a full-blown controversy is indeed 
unfortunate. The scientific and conservation communi- 
ties have much advisory power and public esteem to lose 
through this kind of squabbling within the ranks. It is 
important to remember that the public realm often has 
only a rudimentary understanding of the nuances of sci- 
entific dialogue, which allows anti-conservation political 
forces to take advantage of academic dispute. We must 
keep in mind that, at least fundamentally, we are all 
rooting for the same side. 


Correction 

In Luiz Otero and Keith Brown’s article appearing 
in Atala Vol. 10-12, in Table 1 on page 14, add Parides 
bunichus diodorus to the “Cerrado domain’’ entry under 
“ Parides present.” This addition should also contain a 
superscript 1. 
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Abstracts of Papers Presented 
at the 13th Annual Meeting 
of the Xerces Society 

4-8 June 1986 

Port Orchard, Washington USA 


Scarabs - the bug society. Sharon J. Collman. Co- 
operative Extension, Washington State University, SIS 
Smith Tower, 506 Second Avenue, Seattle WA 98104 
USA. 

Scarabs is an assemblage of amateur and profes- 
sional entomologists in the Pacific Northwest. The group 
takes its name in part from a similar association led by 
Dr. Melville Hatch (of Beetles of the Pacific Northwest 
fame), which met informally in the homes of members 
until Hatch’s retirement in the mid 1960s. Like any 
group, Scarabs has at times stumbled. But because of 
the members’ strong desire to meet and exchange ideas, 
it has always recovered its balance and grown just a bit 
stronger. The first Scarabs meetings began in January 
1981. Washington State University Cooperative Exten- 
sion sponsored the start-up of the organization for two 
years, by providing initial leadership and underwriting 
newsletter and postage costs. Now on its own, the group 
meets monthly for a formal program presented by mem- 
bers or guest speakers and an informal exchange of infor- 
mation, publishes a monthly newsletter, and organizes 
field trips for members. The group has also been ac- 
tively involved in events to educate the public about in- 
sects. These include a large display at Science Circus, a 
7-10 day event sponsored by the Seattle Science Center 
over the Christmas/New Year holiday week. They have 
also invited the public on a field trip to a local park to 
learn about insects. Several Scarabs are actively involved 
as IPM Volunteers, a Washington State University Co- 
operative Extension volunteer program. Currently, the 
Scarabs has 51 members, most of whom are active. Dues 
cover the cost of duplicating and mailing the monthly 
newsletter. 

IPM Volunteers - contributions to northwest en- 
tomology. Sharon J. Collman. Cooperative Extension, 
Washington State University, SIS Smith Tower, 506 Sec- 
ond Avenue, Seattle WA 98104 USA. 

Volunteers loosely organized under the umbrella of 
IPM Volunteers are engaged in local research and in 
teaching the public about insects. Many of the vol- 
unteers are also Master Gardener volunteers or Scarabs 
members. Under the auspices of Washington State Uni- 
versity Cooperative Extension, the number of members 
of IPM (Integrated Pest Management) Volunteers has 
fluctuated from as high as 76 to the present 35. Rather 
than being involved in a formalized program, some vol- 
unteers move in and out, working on specific projects 
and leaving as these are completed; others have been in- 
volved in such ongoing projects as yellowjacket research, 


plant problem diagnosis, insect identification, and a but- 
terfly study group. The yellowjacket research group has 
been monitoring heptyl butarate baited traps since 1982. 
Traps are emptied weekly and the yellowjackets identi- 
fied to species, and counted during the monthly meet- 
ing. The Volunteers have contributed significantly to 
the knowledge of the western Washington populations 
of these hymenopterans. The Butterfly Study Group 
initially was organized to gather information about but- 
terflies in urban environments, gather references, and 
record observations on species occurences and nectaring 
preferences in gardens. Our observations are shared with 
the Evergreen Aurelians. The group is just completing a 
small, low-budget field guide to aid others in identifying 
species common in lowland King County. The IPM Di- 
agnosticians are a group of Master Gardeners specially 
trained in plant problem diagnosis. They identify, seek 
out information, and respond to inquiries from the pub- 
lic on insects of houses and gardens, and plant problems. 
They keep data on pest occurences and their sites, and 
hope to gain support to analyze further the information 
so it can be used in planning future educational pro- 
grams. Other volunteers have been variously engaged in 
teaching children about butterflies, staffing public dis- 
plays, guiding young amateurs, monitoring insect popu- 
lations, teaching gardeners about insects, and developing 
teaching materials. Not only have the volunteers grown 
in their knowledge and appreciation of insects, they have 
magnified their understanding through the many people 
whom they reach and teach as volunteers. 

The impact of grassland management on diurnal 
Lepidoptera in the Swiss central Alps. Andreas 
Erhardt. Botanisches Institut der Universitaet Basel, 
Schoenbeistrasse 6, 4056 Basel, SWITZERLAND. 

In subalpine central Switzerland (Tavetsch Valley), 
studies were made of the day-active Lepidoptera faunas 
in different types of cultivated grassland, in various suc- 
cessional stages in the development of abandoned grass- 
land, and in woodlands (climax vegetation). The investi- 
gation was performed with a modified transect method. 
The results show a close correlation between butterfly 
fauna and vegetation type. This is true in regard to both 
the variety of species and their sheer number. Character- 
istic differences were also found between the Lepidoptera 
faunas of north- and south-facing slopes. Species rich- 
ness is highest in early stages of abandonment and falls 
rapidly with the arrival of shrubs and trees. It is also 
high in traditionally lightly cultivated grassland (unfer- 
tilized mown or lightly grazed meadows), but it declines 
rapidly with increasing intensity of cultivation. In gen- 
eral, species richness of butterflies is closely correlated 
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with that of vascular plants. However, cultivation meth- 
ods and the abandonment of lightly cultivated grassland 
for short periods of time (under 5 years) influence the 
species richness of Lepidoptera and of vascular plants in 
strongly different ways. These results stand in contrast 
to former studies in central Europe and parallel studies 
conducted in England. The natural primordial habitats 
of butterflies that have spread into vegetation types orig- 
inated by man are discussed as well as the implications 
for nature conservation. The optimal strategy for con- 
servation would be to preserve a balanced combination 
of the various types of vegetation. However, the most 
endangered vegetation types are unfertilized mown and 
lightly grazed meadows. These can be preserved only if 
traditional cultivation practices axe maintained. 

The Devil’s Tower National Monument refugium, 
final report. Clifford D. Ferris. Director, Bioengineer- 
ing Program, P.O. Box 3S51 University Station, Univer- 
sity of Wyoming, Laramie WY 82071 USA. 

In 1983, a three-year study was initiated to inven- 
tory the insects present in Devil’s Tower National Mon- 
ument situated in northeastern Wyoming. The project 
terminated at the end of the calendar year 1985. The 
study area is unique in that it has never been sub- 
jected to pesticides, while the surrounding agricultural 
region is a chemical potpourri owing to the heavy use of 
herbicides and pesticides for many years. The vegeta- 
tion types present in the Monument include short-grass 
prairie, oak forest and coniferous forest. Insects depen- 
dent upon these vegetation types occur within the con- 
fines of the Monument, but many of these species have 
not been collected in similar environments in the sur- 
rounding agricultural lands. This paper discusses lepi- 
dopterous insects that are apparently highly sensitive to 
pesticides and may be used as “indicator species” to as- 
sess the effects of chemical spraying programs, using the 
data obtained from the Devil’s Tower project. 

Lomas Barbudal Reserve: a Costa Rican dry 
forest treasure. Gordon W. Frankie. Department of 
Entomology and Parasitology, University of California, 
Berkeley CA 94720 USA. 

Lomas Barbudal Reserve in Guanacaste Province 
became an official member of the Costa Rican Parks 
System on 23 January 1986. The idea for conserving 
the 2400 hectare dry forest site grew out of a desire to 
protect several groups of native bees (about 250 spp.) 
that were known to pollinate a large number of plant 
species in Guanacaste. Many bee species are known to 
be abundant at the Reserve because of a high diversity 
of nesting habitats that are available to them. In addi- 
tion to the bees, Lomas Barbudal can boast of two other 
unique features. One of these is undisturbed savannah 
and riparian habitats. Each contains distinct floral and 
faunal elements. The final unique feature is the abun- 
dant water that flows from a river/creek system and sev- 
eral perennial/ephemeral springs. Because of these wa- 
ter resources, Lomas Barbudal supports a highly diverse 
flora and fauna. Opportunities for acquiring new prop- 
erty for protecting extant habitats and for expanding 
under-represented habitats are excellent at this time. 


Conservation of Speyeria butterflies on six types 
of native prairie across the central United States. 

Paul C. Hammond. 2435 East Applegate, Philomath OR 
97370 USA. 

This talk focuses on the Speyeria butterflies and 
the native wildflowers found on six types of native 
prairies across the central United States, between the 
Appalachian and Cascade ranges. Emphasis is placed 
upon the historical destruction of these ecological com- 
munities and present day conservation requirements. Al- 
together, six species of Speyeria and six species of Viola 
are found on these various prairie types, each having 
specific habitat requirements. 

The Oregon Silverspot Project. David C. McCorkle 
and Paul C. Hammond. Biology Department, Western 
Oregon State College, Monmouth OR 97361 USA. 

The Oregon Silverspot Speyeria zerene hippolyta is 
presently limited to a few coastal salt-spray meadows 
and associated habitats in Oregon. Aspects of the life 
history of this butterfly, and features of the meadows are 
discussed, as are the results of research on the habitat 
requirements of the butterfly and its habitat manage- 
ment. The role of the several involved state and federal 
agencies is also explained. 

Invertebrates at risk in the Pacific Northwest. 

Robert M. Pyle. Swede Park, 369 Loop Road, Gray’s 
River WA 98621 USA. 

The Invertebrate Red Data Book of the IUCN high- 
lighted a number of threatened invertebrates endemic to 
Washington and/or Oregon. Several others have been 
identified, and the number of endangered or vulnerable 
arthropods and other invertebrates in the region may be 
substantial. The combination of varied habitats and in- 
tensive land use leads to organisms at risk. Some of 
the species considered are the Oregon Silverspot, the 
Oregon and Washington giant earthworms, the Wood 
Roach ( Cryptocercus ), the Mount St. Helens grylloblat- 
tid, Tartar’s stentor, and the Columbian tiger beetle. 
The efforts of the Evergreen Aurelians and the North- 
west Lepidoptera Survey to map the region’s butterfly 
fauna and to highlight rarities and their management 
needs are discussed. State heritage program and non- 
game program overtures toward invertebrate surveys are 
examined, along with the Xerces/OSU/WSU representa- 
tive habitat inventory plans. To what degree is a species 
approach versus a habitat approach appropriate for in- 
vertebrates, and are these orientations really at odds? 

The western states Butterfly Mapping Project, 
current status. Ray E. Stanford and Paul A. Opler. 
720 Fairfax Street, Denver CO 80220 USA. 

Having published previously, respectively, range 
maps of the Rocky Mountain region and eastern USA 
butterflies, the authors are now preparing maps of the 
western USA butterflies. The maps will include touch- 
ing portions of Canada and Mexico, and will show nearly 
100,000 dots (dubious records will be shown by a differ- 
ent symbol on these maps). We hope to have these maps 
available by the end of 1986 or early 1987. 
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The apparent extinction of the endemic moth 
Urania sloanus (Lepidoptera, Uranidae) in Ja- 
maica, West Indies. Tom W. Turner. P.0. Box 6272, 
Clearwater FL 38518 USA. 

The endemic moth Urania sloanus has not been col- 
lected in Jamaica since 1944, and is now believed to be 
extinct. Existing life history information is compared 
with those for related species, and the probability of re- 
discovering this insect on Jamaica is examined. 


A new factor in the population decline of Pa- 
pilio homerus (Lepidoptera, Papilionidae) in east- 
ern Jamaica, West Indies. Tom W. Turner. P.O. 
Box 6272, Clearwater FL 33518 USA. 

Factors believed responsible for the decline in adult 
flight range of this handsome swallowtail butterfly are 
reviewed. Rearing adults from immatures collected in 
the wild during 1985-1986 has revealed an unexpected 
new factor which may be adversely affecting the east- 
ern island population. Suggestions for investigating this 
phenomonon further are discussed. 


Commentary: the Potential Impact of DIPEL Spraying 
on the Monarch Butterfly Overwintering Phenomonon 


Lincoln P. Brower 

Department of Zoology 
University of Florida 
Gainesville, FL 32611 USA 


Abstract 

Current information about the ecological effects 
of DIPEL, a commercially produced bacterium- 
based biocontrol agent, was obtained by tele- 
phone canvassing a number of entomological and 
biocontrol experts. This information is assessed 
in light of a recent proposal to spray large areas 
in Mexico with the agent. 


Background 

Jose Sarukhan of the University of Mexico informed 
the author on 5 November 1986 that the Mexican Sec- 
retary of Agriculture and Water Resources (SARH) had 
sought Sarukhan ’s advice regarding an imminent pro- 
gram to spray 40,000 hectares of Abies religiosa forest 
in Mexico with DIPEL. SARH asked whether this would 
possibly endanger the monarch butterfly overwintering 
population, since the proposed spray region included the 
overwintering habitat of the northeastern population of 
the monarch butterfly (Danaus plexippus L.). 


The stated reason for spraying was to control the 
larvae of a tortricid moth, apparently Evetria (Rhya- 
cionia) hyalinaria, which is reputed to cause economic 
damage to the firs. This moth genus includes pine-shoot 
tortrix moths, serious pests of Pinus in the holarctic re- 
gion. According to Sarukhan, a pilot Abies test area 
had already been sprayed, the results being inconclusive 
because of rainfall. 

The author subsequently contacted a number of en- 
tomological and biocontrol experts by telephone regard- 
ing the SARH proposal. The present paper discusses the 
opinions obtained from this telephone canvas. 

1. Nature and Production of the Spray DIPEL 

DIPEL is a commercially prepared product of Bacil- 
lus thuringienses, known as BT in the insect control and 
pesticide industry. BT is a rod bacterium and a natural 
pathogen of some insects, especially Lepidoptera (butter- 
flies and moths). For commercial production, the bac- 
terium is grown in fermentation culture and produces 
spores which are harvested to become the main compo- 
nent of the spray. Numerous (about 70) BT strains have 
been selected for target lepidopteran specie:-, including 
pests of citrus, banana, cabbage, spruce, cotton, tomato, 
and soybeans. 
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The spores from BT cultures are harvested by pro- 
cesses which are trade secrets of the companies; the 
spores are applied in liquid emulsions on infested plants. 
The toxin is so potent that about one quart is sprayed 
per acre if in an oil base, or 3 gallons per acre if in a water 
base (therefore, respectively, about 22,500 and 270,000 
gallons of spray would be applied in Mexico). The appli- 
cation rate is measured in PIUs (potency international 
units), some 8-16 billion PIUs per quart per acre (this 
figure is derived from plating the mixture on agar plates 
and counting the number of spores producing colonies 
per unit volume of product, and is currently verified by 
chemical analysis). 

DIPEL is produced by Abbott Laboratories, and is 
marketed as a water-wettable powder consisting mainly 
of BT spores. A related commercial preparation known 
as THURICIDE is produced by Sandoz Chemical Com- 
pany, and comes as an oil-based flowable liquid suspen- 
sion of spores. 

2. Biological Mode of Action of DIPEL 

Inside the BT spores occurs a highly toxic, diamond- 
shaped crystalline protein known as delta-endotoxin 
(DE). The extreme effect of DE is analogous to that 
produced by botulism toxin. The DE toxin is released 
via solubilization from the spores in an alkaline (8.5- 
10.0 pH) environment. A major reason for the selective 
toxicity of BT spores to Lepidoptera is that the larval 
midgut of these insects provides an alkaline environment. 
The precise modus operandi of DIPEL, then, is (1) the 
spores from the spray are ingested by lepidopteran cater- 
pillars from the surface of their foodplants, (2) the spores 
are subsequently broken down by ingestion in the high 
pH milieu of the larval midgut, and (3) the toxic cry- 
tals are released. The toxin attacks the midgut wall, 
which breaks down and results in a reciprocal exchange 
of hemolymph (=blood) and the gut contents. This in 
turn causes paralytic shock, death, blackening, and liq- 
uefaction of the larva. 

The half fife of DE in the spores is affected by ultra- 
violet light, and varies depending upon the vegetational 
substrate upon which the spores land - on the order of 
hours to days on herbage and tree leaves, and up to sev- 
eral months on tree trunks. 

Since DIPEL contains live spores, the spores can 
germinate and culture on the decaying remnants of in- 
fected larvae. In other words, biotic multiplication of 
the toxin can occur in the forest environment. While 
some of the investigators contacted here regarded this 
property as not being dangerous, the Japanese govern- 
ment is most wary about the use of BT sprays because 
of the potential susceptibility of the silkmoth industry 
to contamination with the spores. 

3. Beta- Exotoxin: a Dangerous Contaminant 

Some preparation of the BT spores, including older 
batches, contain a second toxin known as beta-exotoxin 
(BE). This is a nucleic acid derivative highly toxic to in- 
sects in all stages of development. BE interferes with cell 
replication, causes ovarian degeneration, and can result 
in teratological effects in adult insects. 

Products containing BE are banned as insecticides 
in the United States by the Environmental Protection 
Agency. For fear of losing the entire BT control indus- 
try. lawsuits have arisen among the companies for mar- 


keting BT insecticides contaminated with BE. The only 
way to verify whether any lot is contaminated with BE 
is to record the following: (1) the company name and 
address, (2) the specific product name, (3) the fermen- 
tation batch number on the shipping containers, and (4) 
retain a quart of the spray for chemical analysis. The sci- 
entists contacted here who mentioned BE contamination 
raised an ominous point: namely, that out-of-USA ship- 
ments of BT insecticides may not be as tightly regulated 
as those destined for USA markets, and therefore that 
the product in Mexico may well have a higher likelihood 
of being contaminated with BE. 

4- Effects of DIPEL on Adult Insects 

One often heralded aspect of DIPEL (and the re- 
lated products of other companies) is its reputed narrow 
range of targets. The larvae of some 50 species are sen- 
sitive, including larvae in the butterfly families Papil- 
ionidae, Pieridae, and Brassolidae, and the moth fam- 
ilies Sphingidae, Noctuidae, Citheronidae, Lasiocampi- 
dae, Tortricidae, and Lymantridae. Some of the special- 
ists emphasized that DIPEL does not affect bees and 
’’beneficial insects,” and is not known to affect adult 
moths. 

However, the effects of DIPEL an adult butterflies 
are largely unknown, and virtually untested. Moreover, 
noone contacted here was aware of published data on the 
gut pH of adult Lepidoptera, so the likelihood of ingested 
spores releasing the toxin can not be assessed adequately. 
One expert, Elizabeth Bernays, predicted that adult gut 
pH values would probably be low to neutral, but she 
and all others interviewed advised caution, since killing 
would undoubtedly occur should the monarch butterfly’s 
gut pH prove to be high. 

5. Other Substances in the Spray 

The liquid containing the spores has one or more 
sugar products in it, in addition to unspecified fermenta- 
tion products. Because the ensporulated toxin is rapidly 
degraded by UV light, some preparations of the spores 
also have anti-UV chemical additives. One researcher 
contacted said that we need to know how the spray will 
be applied, and suggested that aerial spraying, to be 
more efficient, might require the use of a kerosene car- 
rier. Other substances include toxicological adjuvants, 
stickers, spreaders, oil-based carriers, and various un- 
defined company-classified chemicals. Of course, spray 
tanks and mixing containers may also be contaminated 
with DDT or other insecticides, and the danger to adult 
monarchs of all these additional components of the spray 
have not been ascertained. 

6. Possible Infection Routes on Monarchs 

Adult monarchs are in residence at several overwin- 
tering sites in Mexico from about 1 November to 15 
April. Throughout the overwintering period monarchs 
drink dew both from the Abies fir needles they cling 
to in their clusters and from grass and forbs in clear- 
ings, and could therefore ingest BT spores from these 
water sources. Because the monarchs are carbohydrate 
stressed at the overwintering sites (they respond strongly 
to sugars by drinking), the presence of various sugars n 
the spray could stimulate excessive drinking, and hence 
the ingestion of high concentrations of spores. 
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Should toxin release not occur in the overwinter- 
ing adults, it seems possible that the spores could sur- 
vive in the adult guts. These spores could subsequently 
be passed via feces onto milkweed plants when the mi- 
grating females oviposit in March to reestablish the first 
spring generation in the southeastern United States. 
Thus, the first spring generation of monarchs could be 
at indirect risk to poisoning from the proposed spraying, 
even if adult mortality did not occur during winter. 

7. General Ecological Considerations 

According to Snook (1986), the Abies religiosa 
ecosystem is a remnant of a once widespread forest, 
which is now restricted to a few mountain ranges in Mex- 
ico (review by Brower, 1985). The proposed spraying 
would in effect target an entire relict ecosystem. Given 
that there are any number of probable, yet incompletely 
known side effects of spraying DIPEL on this ecosys- 
tem, Snook maintains that a thorough cost-benefit study 
needs to be carried out prior to spraying. 

Holling advised against chemical spraying of natural 
ecosystems except under the most dire conditions. The 
usual course of events following such massive spraying is 
for pests ot increase in numbers, which in turn increases 
the expense and required intensity of subsequent rounds 
of spraying, and so forth. Holling also raised the possi- 
bility that the monarch and the tortricid pest, as well as 
other species may be ecologically linked. He urged that 
even if the tortricid pests are a significant problem, that 
spraying should not be carried out in the Abies forest 
ecosystem prior to obtaining a more complete under- 
standing of the basic biology and interactions among its 
component plants and animals. 

8. Alternative Spraying Regimes 

SARH has also proposed two compromise spray pro- 
grams: (1) maintaning a non-sprayed belt around the 
monarch sites, and (2) delaying spraying until 15 April 
so that overwintering monarchs have left Mexico. 

Implementation of (1) would require an unrealis- 
tic effort to define and mark colony boundaries, and 
would most likely be negated by uncontrollable wind- 
borne drifting of the spray. Moreover, there is no reason 
to believe that wind-borne spray would not infiltrate the 
unsprayed overwintering sites in any event. The monar- 
chs also fly for up to 2km from their colonies to sip wa- 
ter, and most probably would pass through sprayed ar- 
eas. Even under alternative plan (2), it remains unclear 
whether BT buildup over the summer and fall would in- 
fect the subsequent year’s overwintering monarch popu- 
lation (recall that retention of spores is on the order of 
months on tree trunks). 

Conclusions 

DIPEL spraying could do irreparable damage both 
to the unique Abies fir forest ecosystem and to the over- 
wintering phenomonon of the monarch butterfly. Dam- 
a.ge to the monarch population from a hastily thought 
out spraying program could prove to be a major em- 
barassment to the Mexican Government, cause irrepera- 
ble cultural loss, and result in the economic loss of a po- 
tential Mexican tourist industry. Given what is known 
of the monarch overwintering phenomonon, and the lack 


of evidence that BT spraying would be safe, the only 
sensible conclusion is not to spray. Persons having fur- 
ther information about DIPEL, and/or an interest in the 
spraying proposals are urged to contact the author at the 
address given at the head of this article. 

Scientists Contacted via Telephone 

Allen, Douglas (Dept. Entomology, SUNY Syra- 
cuse, Syracuse, NY 13120 USA): Bernays. Elizabeth 
(Dept. Entomology and Parasitology, UC Berkeley. 
Berkeley, CA 94720 USA); Boucias. Drion (Dept. In- 
sect Pathology, Univ. Florida, Gainesville, FL 32611 
USA); Buckingham, Gary (Dept. Entomology, Univ. 
Florida, Gainesville, FL 32611 USA); Dahlman. Dou- 
glas (Dept. Entomology, Univ. Kentucky, Lexing- 
ton, KY 40506 USA);. Diamond, John (Dept. Ento- 
mology, Univ. Maine, Orono, ME 04473 USA): Dul- 
mage, Howard (USDA, Brownsville, TX USA); Emmel, 
Thomas (Dept. Zoology, Univ. Florida. Gainesville. 
FL 32611 USA); Fusco, Robert (Northeast Field Rep- 
resentative, Abbot Laboratories, Harrisburg PA L’SA 
); Habek, Dale (Dept. Entomology, Univ. Florida, 
Gainesville, FL 32611 USA); Holling, C. S. (Institute 
of Resource Ecology, Univ. British Columbia. Vancou- 
ver, British Columbia, V6P 1W5 CANADA); Melin, 
Brian (Dept. 910, Chemical and Agricultural Prod- 
ucts Division, Abbott Laboratories, North Chicago, IL 
60064 USA); Sarukhan, Jose (Facultad de Ciencias, Inst, 
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An Atlas of the Butterflies and Skippers 
of the Upper Dogue Creek Drainage, 
Fairfax County, Virginia, 1978-1982 


Paul A. Opler 

US Fish and Wildlife Service 
1025 Pennock Place, Suite 212 
Fort Collins, CO 80524 USA 


Abstract 


A 4-year mapping survey of the butterfly fauna 
m a suburban northern Virginia locality is pre- 
sented, along with habitat and ecological notes, 
and recommendations for management of the 
surveyed region. 


Introduction 


This survey and atlas project was undertaken pri- 
marily as a pilot study to demonstrate the use of the 
Universal Transverse Mercator (UTM) grid for the North 
American Invertebrate Survey. The area chosen was a 
5 X 5.5 km area in UTM Zone 18S in the 100 km UT 
designated square in suburban northern Virginia, near 
the author’s previous home in Rose Hill, Fairfax County, 
Virginia (Fig. 1). 

Between 1978 and 1982, an attempt was made to 
visit all 0.5 X 0.5 km squares at different seasons when 


different species of butterflies might be found'. Several 
quadrats could not easily be accessed, while others were 
visited many times due to their interest. Nevertheless, 
access to most was gained on public rights-of-way or 
without crossing fences or disobeying “no trespassing” 
signs. 

I located 79 species of butterflies during the 5-year 
survey, an unusually rich array for a suburban area at 
this latitude (specimens of most species are deposited 
as vouchers in the National Museum of Natural His- 
tory). Over the years in Fairfax County, at least 13 other 
species of butterflies have been found (Clark, 1932), pri- 
marily in the more western part of the county (e.g., at 
Great Falls or near Reston). For perspective, about 160 
species are known for the state of Virginia as a whole, 
but some of these are limited to the mountains, coastal 
marshes or the swamps in the southeastern sector of the 
state (Covell h Straley, 1973). 

More than 2300 species-square occurences were doc- 
umented, for an average of 21 species per quadrat (range 
was 0 to 62 species per quadrat; Fig. 1). The lowest 
numbers were found in densely residential, commercial 
or in closely cropped lawn areas, as well as the dense ma- 
ture woodland along Huntley Meadows County Park’s 
southern edge (Fig. 2). I classes richest areas as those 
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quadrats with 35 or more species. Such locations were 
usually open areas near forests and some wet areas or 
streams, those sites having a wide variety of plants, in- 
cluding caterpillar hosts and adult nectar sources. 


Species of Special Note 

A colony of the Dion Skipper Euphyes dion was 
found in the “boardwalk” marsh within Huntley Mead- 
ows County Park. This is the only known colony of this 
species in the Washington metropolitan area counties. 
Also seen in the east edge of the same marsh was a female 
Baltimore (Euphydryas phaeton), although a colony was 
not found. Colonies were formerly known at what is 
now Washington/National Airport, and in the vicinity of 
Cabin John, Maryland, but occur there no longer. The 
species has generally been declining in the coastal plain 
near Washington and Baltimore. I found its caterpillar 
host, Turtlehead (Chelone glabra), in the marsh behind 
the Coast Guard Station and along the pipeline right- 
of-way at the north edge of Huntley Meadows County 
Park. 

A small colony of the Northern Hairstreak (Fixse- 
nia Ontario) was found near two small knolls on the 
Virginia Electirc and Power Company (VEPCO) pow- 
erline right-of-way in the Upper Dogue Creek drainage. 
This species is quite rare in most areas, and probably 
benefits from the management practice of cutting the 
right-of-way vegetation every other year. Two uncom- 
mon skippers, Leonard’s Skipper (Hesperia leonardus) 
and the Dusted Skipper (Atrytonopsis hianna), were also 
located, associated with stands of Little Bluestem Grass 
along the same VEPCO powerline and near where Barn- 
yard Run crosses the old paved road in Huntley Mead- 
ows. Other butterflies recorded only a few times in the 
area are common elsewhere or are infrequent southern 
vagrants and not true residents. 


Conclusions and Management Recommendations 


The following management recommendations are 
made for the specific purpose of hoping to maintain the 
long-term diversity of butterflies and other organisms in 
the area. The current master plan for development of the 
area exists, but these recommendations should not af- 
fect such plans or may necessitate only minor alterations 
(rather, they are made to help local decision makers and 
cannot be construed as any sort of mandate). 

1. Continue present management of the VEPCO 
powerline right-of-ways in the area. Do not change any 
of them to lawn planting or open them to use of herbi- 
cide use. The section running from the end of Treetop 
Lane west across the headwaters of Dogue Creek seems 
particularly critical. 


2. Maintain natural vegetation corridors along 
Dogue Creek tributaries to the north of Telegraph Road 
so that dispersal is maintained with Huntley Meadows 
butterfly populations to the south. 

3. Huntley Meadows park is fairly rich in plants 
and animals, but its richness could be enhanced by con- 
verting one or two small open fields to early succes- 
sional stages, and by introducing appropriate larval hosts 
and nectaring plants that would enhance butterfly and 
other insect species richness. These areas should be 
mowed once a year in the fall. Some plants common 
outside the park which favor butterflies, but that are ei- 
ther absent or rare within the park include: Common 
Milkweed (Asclepias syriaca), Butterflyweed (Asclepias 
tuberosa ), Dogbane (Apocynum cannabinum ), Queen 
Anne’s Lace (Daucus carota), Sheep Sorrel (Rumex ace- 
tosella), Common Selfheal (Prunella vulgare), Lamb’s 
Quarters (Chenopodium album) and Bittercress (Car- 
damine vulgaris). Candidate areas for such introduc- 
tions are those already disturbed e.g., those along the 
first part of the paved park road already containing some 
artificial plantings. 
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In Atala Volume 14(1) [1986], top p. 17, Tom 
Turner’s abstract should read ’’...since 1894, and is 
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Figure 1. Surveyed area, showing one kilometer UTM designations along margins. In the center of each 0.5 X 0.5 km 
quadrat is shown the total number of butterfly species encountered during the survey. 
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Figure 2. Upper Dogue Creek Drainage as of 1982. Heavily shaded areas indicate dense housing and extensively close- 
cropped lawn areas, and business areas not suitable for the vast majority of butterfly species. Light shaded areas are 
natural forests (mostly young successional). Unshaded areas are open fields. Solid lines are roads (dirt or paved). Dotted 
lines are creeks or small streams, those with plants indicate bogs or marshes. Power lines indicated by alternating dots 
and dashes. Huntley Meadows Park is surrounded by a dashed line. 
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2. Black Swallowtail ( Paplllo polyxenes ) 


1. Pipevine Swallowtail ( Battus phllenor ) 



3. Spicebush Swallowtail ( Paplllo trollus ) 


4. Tiger Swallowtail ( Paplllo glaucua ) 
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7. European Cabbage Butterfly ( Pierie rapae ) 


8 . Checkered White (Pontia protodice ) 
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9. Alfalfa Sulfur ( Colias eury theme) 


10. Clouded Sulfur ( Colias phllodice ) 



11. Sleepy Orange (Euretna n icippe ) 


12. Little Sulfur (Eurema lisa) 
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13. Harvester ( Fenlseca tarquiniua ) 


14. American Copper ( Lycaena phlaeaa ) 



15. Tailed Blue ( Everea comyntaa ) 



l 

Is 

L." w .v (A 

•: ■/# 

• 

K>. f 

1 _ 

^ / 

f 

• 

tj 

*4 

jf'*' 

4 • 

• V4 

*" 

-f » 


& 

• • 

•/I 

\ 

• i • 

h 

. 0 0i a 

•• 

yr 

i 


y 

C* 

• I ■ 

X — * n — r- 

; r ‘"A m 

( W W 

jSSfej. 


• • 

• • 


-gpr— ^ 

■r 



"• 


16. Spring Azure ( Celastrina ladon ) 
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19. Striped Hairstreak ( Satyrlum llparopa ) 




20. Red-banded Hairstreak ( Calycopls cecrops ) 
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23. Henry's Elfin ( Incisalla henrici ) 


24. Banded Elfin ( Incisalla niphon ) 
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25. Northern Hairstreak ( Fixsenia Ontario ) 


26. Gray Hairstreak ( Strypon mellnus ) 



27. White M Hairstreak ( Parhassius m-album ) 
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29. Snout Butterfly ( Llbytheana bachmanl ) 


30. Variegated Fritillary ( Euptoieta claudla ) 
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33. Baltimore ( Euphydryas phaeton ) 


34. Pearl Crescent ( Phyc lodes tharos ) 



36. Quest lonmark ( Polygonia interrogationis ) 


35. Comma ( Polygonia comma ) 
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57. Horace's Duskywing ( Erynnls horatlus ) 


58. Juvenal's Duskywing ( Erynnis Juvenalis) 



59. Wild Indigo Duskywing ( Erynnis baptiseae ) 


60. Checkered Skipper ( Pyrgus communis) 
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61. Common Sootyving ( Pholisora catullba ) 


62. European Skipper ( Thymelicus lineola ) 
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65. Clouded Skipper ( Lerema accius ) 


66. Leonard's Skipper ( Hesperia leonardus ) 



67. Satchem (Atalopedes campestrls) 
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69. Peck's Skipper ( Polites coras ) 



70. Cross-line Skipper ( Polites origenes ) 
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73. Little Glassyving ( Pompeius verna ) 


74. Delaware Skipper ( Atrytone logan ) 



75. Southern Golden Skipper ( Poanes zabulon ) 


76. Dion Skipper ( Euphyes dion ) 


44 


ATALA, Vol. 14(2), 1986 



78. Dusted 


Skipper ( Atrytonopsls hianna ) 


77. Dun Skipper ( Euphyes ruricola ) ' 



79. Ocola Skipper ( Panoquina ocola ) 
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